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Abstract
The relationship of land use categories and water quality was explored in three different streams
in the tri-state area of Nebraska, Iowa, and Missouri. These streams included: a fourth order
stream, Salt Creek, near Waverly, NE, a third order stream, Maple Creek, near Nickerson, NE,
and a sixth order stream, Nodaway River, near Graham, MO. Stream order was to be kept
relatively low due to the impact tributary rivers have on a given stream's nitrate concentration.
Nearby land use is expected to impact nutrient concentrations to a greater extent for smaller
rivers than on larger rivers with more tributaries. First, all streams' nitrate concentrations were
assessed over a 20 year period. Nitrate levels were considered on a milligram per liter basis from
filtered stream water. Next, land use categories were considered within a 11,500 acre area around
the stream testing site. Nearby land use in each of the three sites were predominantly corn
acreage (CA), Soybean Acreage (SA), and Pasture Acreage (PA). Land use was assessed from
the years 2001 through 2020 in the Salt Creek and Maple Creek locations while land use was
assessed from the year 2006 through the year 2020 in the Nodaway River location. Significant
correlations were not found in the Salt Creek and Nodaway River locations. However, significant
correlations were found between land use categories and nitrate concentrations in the Maple
Creek location. CA was found to be positively correlated with nitrate levels in the Maple Creek
location with a correlation factor of 0.49. PA was found to be negatively correlated with nitrate
levels in the Maple Creek location with a correlation of -0.51. Stream order and proximity to a
large city may have impacted the results found in the Salt Creek and Nodaway River locations.
Just upstream from the Salt Creek locations is the city of Lincoln, NE, a potentially large source
of urban runoff. Nodaway River was the largest stream that was examined, so the potential
effects of tributary river nitrate concentrations may have impacted the magnitude of effect of
nearby land use.
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Introduction
The issue of rising nitrate levels in streams and rivers can be attributed to two types of
pollution: Point source pollution and nonpoint source pollution. The EPA uses the two terms in
contrast to classify water pollution as easily identifiable or difficult to identify. An example of
point source pollution would be faulty pipelines in a wastewater treatment facility. In this case,
the pollution that is reaching and impacting a particular watershed can be quickly identified and
properly treated. Conversely, nonpoint source pollution is not from a single place, and therefore
cannot be easily identified. Examples of nonpoint source pollution include agricultural runoff in
the form of pesticides, fertilizers, or livestock manure. Other forms of nonpoint source pollution
include urban runoff, chemicals from construction sites, or chemicals from flooded sewers,
flowing into nearby rivers and groundwater. These examples of nonpoint source pollution often
enter soil systems, at which they can percolate through the soil system at varying degrees,
impacting the watershed more in some areas than others.
General land use categories can provide insight into what types of nutrients are entering
the soil system. It is expected that in land that is predominantly used for agriculture that there is a
greater amount of fertilizer and pesticide chemicals entering the soil system. One could also
expect to see fairly high amounts of organic matter, which is good for the soil. For other land use
categories such as pasture, one could expect to see higher inputs of animal manure, and the
nitrogen and phosphorus contained within the animal manure. Yet these soils can be treated quite
differently, as cropland may experience great amounts of tillage or heavy irrigation, and
grazeland may see high amounts of grazing. Other land use categories such as deciduous forest
may see no input of farm management practices, and could be left unaltered. The purpose of this
study is to determine if there is any observable correlation between land use categories and
nitrate levels in nearby streams.
Water quality, specifically the nutrient concentration of streams, has been of increasing
interest. Anthropogenic changes to land use that are nearby rivers and streams influences the
amount and type of nutrients that reach surface and groundwaters, subsequently affecting the
environment around us (Giovannetti et al., 2013). In the tri-state area of Nebraska, Iowa and
Missouri, some of the most prominent land usage categories include: farmland, grassland, and
deciduous forests. Due to the management practices of these land usage categories, inputs of
nutrients vary across the land usage spectrum. Farmland in particular has been known to increase
nitrate concentrations in nearby rivers and streams (Giovannetti et al., 2013). Spatial analysis
allows for researchers to analyze land usage data over a chosen period of time, providing insight
into how a segment of land has been used for each year.
There are factors that influence nutrient input into streams beyond general land use
categories. For example, farm management practices such as crop rotation, tillage, and fertilizer
use have large influences on the amount of nutrients that are leached into the soil system (Hess et
al., 2020). In this study, it was found that rainfall intensity affected nitrate leaching in soil systems
that were tilled, but did not affect nitrate leaching on non tilled soil systems. Another factor
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would be the climatic conditions of the area. In years that tended to have more precipitation,
nitrate concentrations appeared to be higher (Burt & Haycock, 1991). Essentially, as
precipitation increases, so does the likelihood of nutrient leaching and runoff occurring. The
frequency of major rainfall events could also be an important factor, as major rainfall events
would fill the soil’s pore space resulting in high amounts of runoff and leaching (Baker &
Nickelson, 1994).
The process of nitrification is a major contributor to the issue of water quality (Harden &
Spruill, 2008). Some forms of nitrogen are positively charged, sticking to the soil’s negative
charge, and are therefore less susceptible to leaching and runoff. When the immobilized nitrogen
is converted to nitrate, the nitrate becomes more susceptible to runoff and leaching (Jussy et al.,
2004). Land use can affect the N load for a stream, and also impact the riparian (near river)
vegetation. How the land is being used can impact how much nitrification can take place, and
also impact how much denitrification can take place by removing important vegetation (Arango
& Tank, 2008).
Other variables in detecting a correlation between land use categories and stream water
quality is the size of the stream, and the stream’s subwatershed. Larger stream orders indicate
that there are more tributary rivers, which results in more sources of nutrient transport, which
would reduce the magnitude of influence of riparian land and nearby land usage (Nielsen et al.,
2012). As the amount of tributary rivers increase, the amount of land usage acres being
considered inevitably increases. The height of the watershed also impacts the amount of nutrients
that are impacting the surface water quality. Higher watersheds are more susceptible to nitrate
leaching because the leaching nutrients have less soil to percolate through, and thus reach the
watershed faster and more efficiently (Zhang et al., 1998). Stream flow must also be considered.
Essentially, flow rate would impact nutrient transport in streams, impacting the proper length of
the Areas of Interest (AOI). Higher flow rates typically indicate further and longer nutrient
transport in streams, meaning land further upstream could be impacting the test sites at varying
extents (Harden & Spruill, 2008).
There are many rivers that ultimately impact nitrate levels in large order streams. In order
to properly mitigate nitrate levels in higher level streams, researchers must consider the impact
of land use categories of the smaller tributary streams. In doing so, researchers have the
opportunity to identify areas of land that are highly susceptible to runoff and leaching, impacting
the nitrate levels in the smaller tributary streams. Once those areas are identified, community
members and agencies alike can make efforts to mitigate the particularly susceptible land, and
potentially reduce the nitrate concentrations in larger order streams. Finding any association
between nitrate levels and land use categories is a preliminary step in mitigating the problem.
The aim of this paper is to determine if there is any observable association between land
use categories and nitrate levels for 3 local streams. In doing so, nitrate degradation rates must
first be identified. The type of nutrient in stream water that is to be identified is filtered nitrate
using a Mg/L metric. Data will be recorded over a 20 year period. Next, land use categories
within a 11,500 acre area around the testing site will be identified. Finally, a correlation test will
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be conducted to explore the relationship between changes in land usage, and changes in nitrate
levels in the river. The null hypothesis is that there will be no observable association between
land use categories and nitrate levels. The alternative hypothesis is that there will be an
observable association between land use categories and nitrate levels.
Methods
The first step was to develop a criteria for streams of interest. The criteria used in this
observational study included stream order and region. Streams of interest must be considered
‘low ordered’ as the size of stream can greatly influence the magnitude of impact of riparian land
(Nielsen et al., 2012). Region was considered as well, as climatic conditions, rainfall in
particular, influence the amount of nitrate that reaches surface water and groundwater (Burt
Haycock, 1991). Streams of interest were to be located within a 120 mile radius to reduce
occurrence of climatic variance.
The next step was to collect water quality data for streams of interest using U.S.
Geological Survey (USGS) Data. Water quality was determined from the beginning of the 1999
water year to the end of the 2020 water year, providing 20 years of nitrate concentration data.
Data was then averaged on a weekly, monthly, and ultimately a yearly basis. Same week and
same day data was averaged so that monthly data was not too skewed from multiple data entries.
Yearly data was calculated by averaging the monthly nitrate levels. Following collection of
nitrate data, land usage data was collected using CropScape. Land use data was limited to 11,500
acres, beginning from the testing site, and ending upstream. Land downstream from the testing
site was not considered, as it would have no effect on the water being sampled. The largest land
usage categories were only considered. These categories included: acreages of corn, soybean,
grassland, deciduous forest, and ‘other’.
Finally, correlation tests between the predictive variables of land usage and the dependent
variable of nitrate are conducted. Nitrate levels were used as the y-axis, land use categories were
used as the x-axis. A correlation coefficient was assessed for a positive or negative value,
reflecting either a positive or negative relationship with the land usage category and the nitrate
levels. If there was a significant correlation found between any of the predictor variables and
nitrate levels, a linear regression analysis was to be conducted. P-values < 0.05 were to be
considered significant, and would provide reason to reject the null hypothesis in favor of the
alternative hypothesis.
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Sites

Figure 1: Site 1: Salt Creek located near Lincoln, Nebraska. Site 2: Maple Creek located near
Fremont, Nebraska. Site 3: Nodaway River located near Mound City, Missouri.

Site 1: Salt Creek, Waverly, NE
Salt Creek is a 4th order stream
located in the Missouri River Basin.
Salt Creek neighbors two cities in
southeastern Nebraska, the city of
Lincoln, and the city of Waverly. The
testing site is near Waverly, Nebraska,
located at the coordinates: Latitude
40°54'18", Longitude -96°35'09". Salt
Creek flows northeast through the city
of Lincoln, next to the city of Waverly,
where it ultimately feeds into the Platte
River. Salt Creek has several inputs for
pollution mainly including urban
runoff from the city of Lincoln. Land use categories contained within the 11,500 acre area of
interest include acreages of: corn, soybean, grassland, and some developed/urbanized land. The
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flow rate of the stream typically is around 268 cubic feet per second, which is generally
considered a low flow rate. With a low flow rate, it is expected that nutrient transport will be
minimal (Harden & Spruill, 2008). Nitrate concentrations can be summarized as trending slightly
upwards as seen in Figure 3. Land was considered west of the red dot, as the land before the red
dot is downstream as seen in Figure 2. Most recent land usage categories can be found in Figure
4, however, in the data analyzed, land usage data fluctuated in the 20 year period. This chart
simply represents the most recent land usage data of interest for this site.

Figure 2: Salt Creek and AOI. Red dot represents
approximate testing site water quality was assessed at.

Figure 3: Graph indicates slight increases in nitrate
concentration over 20 year period, for Salt Creek
location. (R^2 value: 0.286)

Figure 4: Corn, Soybean and Pasture were most prominent land use categories for this site in
the year 2020. Urbanized land was not considered in this analysis.
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Site 2: Maple Creek, Nickerson,
Nebraska
Maple Creek is a 3rd order stream
located in the Missouri River Basin.
Maple Creek is located outside of
Fremont, Nebraska, and flows from west
to East where it ultimately feeds into the
Elkhorn River. The testing site is located
near Nickerson, Nebraska, at the
coordinates: Latitude 41°33'40.2",
Longitude 96°32'27". Unlike Salt Creek,
Maple Creek is surrounded by thousands
of acres of cropland, and minimal
urbanized land. Land use categories
contained within the 11,500 acre area of
interest include acreages of: corn,
soybean, grassland, and deciduous
forest. The flow rate of the stream is
usually observed around 200 cubic feet
per second, which is a relatively low
flow rate. Again, it is expected that
nutrient transport distances are minimal
with lower flow rates. Nitrate
concentrations are observed to be
trending upwards based on the 20 year
data that was analyzed, seen in Figure 6.
Land use categories were observed from
areas left of the red dot seen in Figure 5,
as land to the right of the red dot is
downstream, and would have no effect
on water quality upstream. Figure 7
represents land use categories in the
year 2020, and serves as a
representation of land usage of the 20
year period.

Figure 5: Red dot represents testing site for Maple
Creek location. Land analyzed was left of the red
dot.

Figure 6: Graph indicates steady increase in nitrate
concentration over 20 year period for Maple Creek
location. (R^2 value: 0.519)
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Figure 7: Corn, Soybean and Grassland were most prominent land use categories for Maple
Creek location in the year 2020.
Site 3: Nodaway River, Graham, MO
Nodaway River is a 6th order
stream located in the Missouri River
Basin. Nodaway River is located near
Graham, Missouri, and the test site
location was located at the coordinates:
Latitude 40°12'08.9", Longitude
95°04'10.4". Nodaway River flows from
North to South, where the river ultimately
feeds into the Missouri River. Similar to
Maple Creek, Nodaway River is
surrounded by thousands of acres of
cropland, with no major cities bordering
Figure 8: Red dot represents testing site, the land in
the river. However, unlike Salt Creek and
the picture is the land that was observed.
Maple Creek, Nodaway is a bigger river
that has inputs of nutrients from many of
Figure 9: Nitrate concentrations can be observed
its tributary streams. Land use categories
as relatively stagnant, as no major changes in
contained within the 11,500 acre area of
nitrate levels can be observed over the 20 year
interest include acreages of: corn, soybean, period.
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grassland, and deciduous forest. Nitrate concentration for Nodaway River can be observed as
stagnant, as no major increases or decreases in nitrate can be observed. Similar to the other two
sites, there was considerable year to year variability in nitrate levels. Nitrate concentrations over
the 20 year period can be observed in figure 9. Nodaway river has a flow rate average of around
1000 cubic feet per second, which indicates moderate distances for nutrient transport. Land use
categories were considered for the area above the red dot, as this area is upstream of the testing
site, and would impact the water quality in the testing site. Figure 10 represents the land use
category for the area of interest in the year 2020.

Figure 10: Corn, Soybean and Grassland were most prominent land use categories in the year
2020 for the Nodaway River location.

Figure 9: Graph indicates no increase or
decrease in nitrate concentrations for Nodaway
River location. (R^2 value: 0.519)
Results
Site 1: Salt Creek
The correlation plot shows no significant correlations between the predictor variables and
the dependent variable of nitrate. Factors beyond general land use categories are needed to be
assessed to determine the relationship of stream nitrate and land use. Correlation plot also shows
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correlations between predictor variables. From this, we can understand how changes in land use
of one predictor variable affects another. Simple linear regression analysis is not conducted.
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Figure 11: No major correlation found between predictor variables and dependent variable,
nitrate. CA = Corn Acreage, SA = Soybean Acreage, PA = Pasture Acreage. We fail to
reject the null hypothesis.

Site 2: Maple Creek
The correlation plot shows significant correlations between the predictor variables CA
and PA with the dependent variable of nitrate. CA is shown to have a correlation coefficient on
0.49, indicating a positive relationship between nitrate and CA. PA is shown to have a
correlation coefficient of -0.51, indicating a negative relationship between nitrate and PA.
Simple linear regression analysis of these variables is conducted.
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Figure 12: The correlation plot shows that CA has a correlation of 0.49 with nitrate level and PA
has a correlation of -0.51 with the nitrate level. Associated p-value for CA and nitrate level is
0.046 and associated p-value for PA and nitrate level is 0.035. We reject the null hypothesis in
favor of alternative hypothesis.

Simple Linear Regression Analysis for Maple Creek Location
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Figure 13: Linear Regression analysis indicates positive correlation between CA and
Nitrate levels. As crop acreage increases, Nitrate levels increase in the Maple Creek
Location.

Figure 14: Linear Regression analysis indicates a negative relationship between PA
(Pasture Acreage) and nitrate levels. As pasture land increases, nitrate levels
decrease.
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Site 3: Nodaway River
The correlation plot shows no significant correlations between the predictor variables and
the dependent variable of nitrate. Factors beyond general land use categories are needed to be
assessed to determine the relationship of stream nitrate and land use. Correlation plot also shows
correlations between predictor variables. From this, we can understand how changes in land use
of one predictor variable affects another. Simple linear regression analysis is not conducted.
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Figure 15: No major correlations found between predictive variables of CA, SA and
PA. We fail to reject the null hypothesis.

Discussion
Pearson correlation tests indicated that in two out of the three sites, the methodology
failed to demonstrate any relationship between land use categories and fluctuating nitrate levels.
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However, the Maple Creek site had a correlation coefficient of 0.493, indicating moderate
correlation between nitrate levels and corn acreage (CA). All sites were limited to a 11,500 acre
AOI, but it’s possible that Maple Creek’s AOI made up a larger percentage of the creek’s
watershed, and therefore was a more precise snapshot of the soil within the watershed. Soil
quality components may have also varied greatly in the sites. Soil quality components such as the
soil type, and the pore space can have great impacts on the permeability of soils (Rao &
Puttanna, 2000), consequently affecting how nutrients move through the soil system.
Another component would be soil erodibility. Soil erosion is highly correlated with
nutrient loss in soils, which includes nitrate (Gulati & Rai, 2014). Soil erodibility indices of all
three sites were considered, using weighted averages. The soil indices for each of the sites were:
Salt Creek (0.323), Maple Creek (0.291), and Nodaway River (0.327). Higher erodibility indices
represent the soils proneness to erosion, which would impact the runoff potential. There are other
factors that were not considered, such as flow rate of each of the streams. Essentially, flow rate
would impact nutrient transport in streams, impacting the proper length of the AOI. Higher flow
rates typically indicate further and longer nutrient transport in streams, meaning land further
upstream could be impacting the test sites at varying extents (Harden & Spruill, 2008). Basing
the AOI on flow rate may mitigate discrepancies of nutrient transport distance.
Climatic conditions were also not accounted for, as there could be larger variations in
rainfall from the furthermost test sites (Nodaway River, Maple Creek). While land use was
accounted for, farm management practices were not. Farm management practices such as crop
rotation, tillage, and fertilizer use have large influences on the amount of nutrients that are
leached into the soil system (Li et al., 2018), which could be seen as another limitation to the
study. Furthermore, tillage versus no-till has significant influence in the impact of rainfall
intensity and leaching. No-till systems showed little to no increase of nitrate leaching, while
tilled systems showed significant increases of nitrate leaching as rainfall intensified (Hess et al.,
2020).
For Salt Creek, the city of Lincoln may be an equalizer to the nutrients measured at the
testing site. Due to the close proximity of the testing site to the city, urban runoff may have even
greater influence on nitrate levels found at the testing site. River size affects the nitrate
concentration, and Nodaway River was the largest of the three rivers analyzed. Larger stream
orders means there are more tributaries, which results in more sources of nutrient transport,
which would reduce the magnitude of influence of riparian land and nearby land usage (Hensen
et al., 2018; Nielsen et al., 2012). Height of watershed is also important for groundwater inputs
into streams. Higher watersheds are more susceptible to nitrate leaching (Zhang et al., 1998), and
would thereby influence nitrate levels in streams. Further research could be expanded to include
these variables discussed above to more clearly define these land use and water quality
relationships.
Conclusion
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Corn Acreage and pasture was found to be significantly correlated with nitrate
concentrations in Maple Creek, near Nickerson, Nebraska. Corn acreage was found to be
positively correlated with nitrate, with a correlation coefficient of 0.49. Pasture acreage was
found to be negatively correlated with nitrate, with a correlation coefficient of -0.51. There was
no clear correlation between predictor variables and nitrate concentrations in Salt Creek or
Nodaway River. In conclusion, other factors such as proximity to a large city, and size of river
may have contributed to the studies’ shortcomings. Analysis beyond general land use and
inclusion of the entire watershed is needed to determine near land impact on nitrate levels, such
as specific farming and irrigation practices. Multiple regression analysis can be used in order to
include variables such as climatic conditions, soil erodibility indices, and tilled and no till
systems.
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